INTRODUCTION
The chemistry of atmospheric precipitation is of growing scientific concern. Aside from the elements that contribute to acid rain, there are numerous co-contaminants in precipitation, the concentrations and sources of which are not well understood.
Deposition by precipitation is a primary route by which atmospheric aerosols reach ground or water surfaces to interact with the ecosystem (Royal Society of Canada, 1985) , yet there has been limited study of elemental composition of arctic precipitation (L.A. Barrie, pers. comm. 1985) .
Precipitation is somewhat insensitive to the detection of atmospheric pollution as it generally discriminates against the fine particles containing the greatest pollution signal. The measurement of elemental concentrations in precipitation, however, is useful for the modeling of aerosol washout near the surface and the determination of elemental loadings to the environment during the arctic summer.
The sampling of atmospheric pollution has previously been confined to the filtering of aerosols and the sampling of snowpacks and ice cores (L.A. Barrie, pers. comm. 1985) . Arctic aerosol studies c o n f i i the existence of the polluting "arctic haze" in the winter and early spring months, while the summer months have generally been found to be unpolluted (Ken-, 198 1; Barrie et al., 1981) .
Concentrations during the summer months found to represent natural background levels serve as useful precursors to more detailed study and as useful comparisons to concentrations found during months of higher pollution levels.
The present research documents the concentrations and possible sources of ten trace elements in summer rains from Frobisher Bay, N.W.T. Precipitation was monitored for approximately three weeks 11 July-5 August 1984, and samples were collected during ten rain events. The very low detection limits and the precision of neutron activation analysis allowed determination of natural or anthropogenic (man-made) sources for elemental concentrations in rain samples.
METHODOLOGY
Due to the remoteness of the arctic study location, the use of either a bulk precipitation sampler, as described by Gambell and Fisher (1 966), or a Sangamo wet-only precipitation sampler was impractical. The intent was to remove the collector between precipitation events and thus sample only wet deposition. The precipitation sampler had to be easily transportable, nonmechanical and of simple but durable construction. To meet these requirements a modified bulk sampler was developed ( Each bulk sampler consisted of a 500 ml Nalgene polyethylene container inside a 1000 ml container of similar composition. The large outer container had the upper portion cut off to allow positioning of the inner container. A 15 cm polyethylene funnel was positioned with the spout inside the mouth of the inner container. To avoid the necessity of washing the funnel and inner container following each collection, both were lined with replaceable polyethylene bags.
In order to avoid contaminating samples in the field, contact with the polyethylene bags and bottles was restricted to the outside surfaces only. All containers were sealed immediately upon removal from the sampler, and samples were transferred directly from the polyethylene bags to tightly capped storage containers immediately following the rain event. No bags were reused and all bottles were thoroughly cleaned, as prescribed by the Inland Waters Directorate (1983). Each storage bottle was preacidified with 2% nitric acid to limit the absorption of elements of interest to the walls of the storage bottle. Blanks with known concentrations of elements were stored 24 h in the polyethylene bags, and no significant contamination or absorption was found ( Table 1) . Precipitation samples stored in polyethylene bottles by the Great Lakes Institute have shown no decrease in elemental concentrations between subsequent analyses spaced several months apart (P. McQuarrie, pers. comm. 1984) . Samples employed in this study were stored a few months prior to analysis, and caution was employed at all stages to avoid contamination (Bingham, 1984) .
At the McMaster University swimming pool-type reactor, short-decay instrumental neutron activation analysis employing gamma spectroscopy was used on the precipitation samples for the simultaneous analysis of Al, Br, Ca, C1, Cu, I, Mg, Mn, Na, and V. A wet sample was irradiated in a thermal neutron flux of The concentrations of the trace elements for each precipitation event and average concentrations for the study period are shown in Table 2 . Concentrations of Ca, C1, Mg, and Na are recorded by the Canadian Network for Sampling Precipitation (CANSAP) at selected arctic locations, and the concentrations reported here are in general agreement with 1977-81 arctic CANSAP data. The Frobisher Bay data most closely resemble data from Fort Chimo, which is the nearest arctic CANSAP site.
To differentiate between natural and anthropogenic (manmade) sources of trace elements, enrichment factors (EF) were calculated as follows:
EF (crust or ocean) = (El/REl) in precipitation
The enrichment factors were normalized to A1 for crustal sources and to Na for ocean sources. The ratio between the concentration of an element (E 1) in rainfall and that of one of the two reference elements (RE1 -A1 or Na) in rainfall was compared to the concentration ratio between the same elements in the crust or Ocean (E2/RE2). If the ratios are the same, they give an enrichment factor of one, and this is referred to as unity. Values close to unity for the crustal enrichment factor indicate a probable crustal source, and similarly values close to unity for the Ocean enrichment factor indicate a probable ocean source. Enrichment factors greater than one and that cannot be explained by either of the natural sources are a general indication of anthropogenic sources (Rahn, 1976) .
As shown in Table 3 , crustal enrichment factors for Ca, Mg, Mn, and V approach unity and are supportive of crustal weathering as a source. This hypothesis is further supported by strong to moderate correlation coefficients between A1 and Mg, Mn, and V (0.94,0.88, and0.63 respectively), which suggest acommon source for these elements. Ocean enrichment factors for Br and C1 approach unity (Table 4 ) and indicate a possible ocean source. Correlation coefficients between Na and Br and between Na and C1 (0.90 and 0.98) are also indicative of a common source for these elements. The element Ca, although not enriched and appearing to be derived from crustal weathering, is correlated quite strongly with Na (0.83) and the other elements hypothesized as being from ocean sources.
The greatly enriched values of I are in agreement with the results of previous studies (Seto and Duce, 1972; Cicerone, 1981) . This I enrichment is not hypothesized as anthropogenic but as preferential enrichment from the oceans. All study elements appear to represent natural background levels with the exception of Cu, which is enriched. A number of the Cu (E2/RE2) in crust or ocean 
